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Abstract: A rice pse(t) (premature senescence, tentatively) mutant line, was isolated from 4500 independent T-DNA inserted
transgenic lines. The symptoms of premature senescence appeared more severely than those of the control plants (Zhonghua 11,
japonica) at the last development stage. To characterize the mutant and provide basic information on the candidate genes by
mapping to a physical region of 220-kb, experiments were carried out in two phytotrons under controlled temperature of 24 °C and
28 °C, respectively. The content of chlorophyll, soluble protein and MDA (malondialdehyde), net photosynthesis, the antioxidant
enzyme activities of SOD (superoxide dismuase) (EC 1.15.1.1) and POD (peroxidase) (EC 1.11.1.7) and the peptidase activities of
leaves were measured from top to bottom according to the leaf positions at the flowering stage. Compared with the control plant,
the mutant showed the following characteristics: (1) Higher net photosynthesis rate (P,) appeared in the 1st and 2nd leaves, con-
tents of chlorophyll and soluble protein were also higher in the 1st leaf; (2) The activities of SOD, POD and peptidase were higher
according to the leaf position from top to bottom; (3) The symptom of premature senescence was accelerated in the mutant at 28 °C
treatment. The MDA content and the SOD and POD activities between the 24 °C and 28 °C treatment mutants were not signifi-
cantly different. Content of chlorophyll and soluble protein of leaves mutant decreased rapidly at 28 °C treatment. The results
show that pse(?) is sensitive to high temperature. The probable function of PSE(T) is discussed.
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INTRODUCTION

Leaf senescence is a kind of programmed cell
death (PCD) in plants that is highly controlled by a
genetically programmed process involving degrada-
tion of cellular structures, decline of photosynthesis
massive generation of active oxygen species (AOS)
and mobilization of nutrients (Nam, 1997; Lim et al.,
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2003). Many environmental factors have been shown
to play a role in causing the photosynthetic decline to
lead to premature senescence. Leaves exposed to
ultraviolet radiation (UV-B), Cd stress, water or ni-
trogen deficency, high temperature and pathogen
infection result in a loss of chlorophyll, which induce
early leaf senescence in plants (Matile ef al., 1999;
Lewis et al., 2002; Wu et al., 2003).

Temperature and other environmental conditions
affect leaf senescence and crop yield. Maize leaves
are extremely sensitive to chilling injury, which usu-
ally result in premature leaf senescence when the
leaves are exposed to temperatures below 10 °C
(Foyer et al., 2002). Premature senescence occurs in
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rice, which shows that grain yield and nutrition de-
creased. In China, hybrid rice made great contribu-
tions to food production (Normile, 1999). However,
leaf and root of some indica hybrids and in-
dica-japonica hybrid combinations usually senesce
more rapidly at the late developmental stage com-
pared with japonica hybrid combinations, which
severely affected the yield and caused poor
grain-filling (Duan et al., 1997; Lu et al., 1988; Yang
etal.,2002). Li et al.(2002) reported that some hybrid
rice, such as Shanyou63 easily became prematurely
senescent because excessive solar energy led to ac-
cumulation of AOS that causes membrane-lipid per-
oxidation and MDA (malondialdehyde) accumulation
in flag leaf at the late developmental stage under
natural conditions. Premature senescence, however,
varied in different hybrid combinations. Studies also
showed that leaf senescence was enhanced and grain
yield started to decline at a daily mean temperature
over 29 °C, and that grain quality declined linearly
with higher temperature (Misr and Meena, 1986;
[zumi et al., 2004). However, the mechanism still
remains largely unknown.

Artificially induced mutants are good experi-
mental materials due to the uniform genetic back-
ground compared with the original wild type and have
been widely used for developmental and physiologi-
cal studies in plants (Jiang and Rodermel, 1995; Jing
et al., 2002; Takahashi et al., 2003). Some physio-
logical metabolic mechanisms were elucidated with
leaf senescence mutants. For example, pheophorbide,
an oxygenase (PaO), that mediated the chlorophyll
breakdown pathway in leaf senescence had been im-
plicated by the maize /ls/ mutant (Pruzinska et al.,
2003; Yang et al., 2004). With the use of cdrl and
cdr2 mutants, phosphorylation steps were proved to
lead to the NADPH oxidase activation associated
with oxidative burst in leaf senescence (Takahashi et
al., 2003). The interactions of abscisic acid and sugar
signalling in the regulation of leaf senescence were
studied with the use of ‘abi’ and ‘aba’ mutants
(Pourtau et al., 2004). Studies of
cence-associated mutants will help us to understand
the molecular and genetic mechanisms in crops at the
late developmental stage.

This paper reports the physiological characteris-
tics of the pse(?) mutant isolated from a large T-DNA
inserted transgenic population of rice. Previous stud-

SEenes-

ies indicated that the phenotype was controlled by a
single recessive gene and that the pse(¢) was mapped
to the 220 kb region on the long arm of chromosome 7
(Li et al., 2005). In order to understand the physio-
logical characteristics of this premature senescence
mutant, we identified several physiological parame-
ters according to the leaf positions from top to bottom
at the flowering stage in the phytotrons under mean
24 °C and 28 °C treatments, respectively. It was found
that a higher P, appeared in the 1st and 2nd leaves of
the mutant. The activities of SOD (superoxide dis-
mutase), POD (peroxidase) and peptidase increased
sharply in the 3rd and 4th leaves in the mutant, com-
pared with control plants. The presumable candidate
genes were discussed on the basis of physiological
data analysis and mapping information.

MATERIALS AND METHODS

Screening the pse(f) mutant

A T-DNA inserted transgenic population con-
taining 4500 individuals (Oryza sativa L. subsp. ja-
ponica cv Zhonghua 11) was constructed (Zhu et al.,
2001; Sun et al., 2003). Regenerated plants (T gen-
eration) were transplanted to green house for three
weeks, followed by transplanting to the field in the
China National Rice Research Institute. The T,
transgenic plants were self-pollinated and the seeds
were harvested individually. Phenotypic traits were
recorded at the T; generation in the fields.

Growth conditions in the phytotrons

pse(t) plants of the forth generation (T,) were
used for the physiological test. Thirty 15-day-old
seedlings of mutants and the control (Zhonghua 11)
respectively, were transplanted from the nursery field
to the phytotron (DL-S-135W, Koito, Japan) at 24 °C.
Half of the mutants and control plants were then
transplanted to another phytotron at 28 °C (Table 1)
after 37 d. The photoperiod in both phytotrons was
12.5/11.5 h (day/night). The relative humidity was
controlled at 75%. The light was solar. All the plants
were raised by conventional methods and seeds were
harvested individually.

Definition of leaves and leaf positions
First, second, third and fourth leaf refer the order
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Table 1 Temperature setting in the phytotrons

Mean temperature (°C)

Time
24 °C treatment 28 °C treatment
22:00~3:00 20 25
3:00~7:00 23 27
7:00~11:00 26 29
11:00~14:00 28 33
14:00~18:00 26 29
18:00~22:00 23 27

of the leaves and leaf positions from top to bottom at
the flowering stage in rice. The 1st leaf is the flag leaf.

Measurements of photosynthesis, gas-exchange

P, was measured at the flowering stage when the
premature senescence symptom just appeared on the
4th leaf of the mutant in the phytotron under con-
trolled temperature at 24 °C. Gas exchange was de-
termined with a portable photosynthesis system
(LiCor-6400; LiCor Inc. Lincoln, Nebraska, USA)
and a LED (light-emitting diode) light source,
6400-02. Data was collected on fully expanded leaves
according to the leaf positions in the morning from
8:00 to 11:00 on a sun shining day in the phytotrons.

After the P, were measured, the top four leaves
were numbered and collected individually for the next
experiments.

Determination of chlorophyll content
The total content of chlorophyll was determined
by the method described in Hill er al.(1985).

Crude protein extraction, enzyme assays and lipid
peroxidation measurement

About 1.0 g of liquid-nitrogen-powered samples
was homogenized with 5 ml cold 50 mmol/L potas-
sium phosphate buffer (pH 7.0) containing 1 mmol/L
EDTA and 5% (w/V) PVP (polyvinylpyrrolidone).
The slurry was centrifuged at 20000xg for 20 min at 4
°C (L8-55M Ultracentrifuge, Beckman, USA) and the
supernatants were used for enzyme assays and MDA
measurement. The soluble protein concentration in
the samples was estimated according to Bradford
(1976).

Total SOD (superoxide dismutase: EC 1.15.1.1)
activity was assayed by the method described in
Giannopolitis and Ries (1977).

Total POD (peroxidase: EC 1.11.1.7) activity

was assayed by the method in Xu and Ye (1989). The
H,0,-dependent pyrogallol oxidation was determined
by an increase in 4430 (absorbance at 430 nm).

TBA (thiobarbituic acid) test was used to meas-
ure lipid peroxidation in the leaves. The content of
MDA was taken as an end product of lipid peroxida-
tion (Madhava and Sresty, 2000).

Peptidase activity
Peptidase activities were measured according to
the method described in Chen (1999).

Statistical analysis

All determinations were performed in at least
three independent experiments. Statistical differences
between control plants, mutants and leaf positions
were analyzed by analysis of variance (ANOVA)
using the SPSS package (Chicago, II., USA). Dif-
ferences were considered significant when P<0.05
(probability level). SD was calculated and shown in
the figures and tables.

RESULTS

Agronomic traits of the premature senescence
mutant

Approximately 4500 independent T-DNA in-
serted transgenic lines were obtained in our labora-
tory up to 2002 (Zhu et al., 2001; Sun et al., 2003).
Thirteen plants with premature senescence character
out of 47 ones in T; generations were screened from
the line T2432 in the field. The leaves of the mutant
began senescence at the tillering stage in summer.
The leaf senescence became from bottom to top with
the plant growth. Although there was no difference in
plant height between the mutant and the wild type, the
mutant’s seed-setting rate was only about 15% and its
1000-grain weight was about 12 g.

There was no morphological difference at the
seedling stage between the mutant and the control
plants under the controlled temperature conditions.
Premature senescence obviously occurred on the
bottom leaves of the mutant plants at the flowering
stage (Fig.1a and Fig.1b). Yellow mini spots appeared
on the 4th leaf of the mutant plants 14 d after trans-
planting into the 28 °C-phytotron (Fig.1c and Fig.1d).
At the milking stage, the 4th leaf became fully se-
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nescent while it remained green in control plants even
in the 28 °C treatment (Fig.1e and Fig.1f). The mutant
eventually achieved 56.2% seed-setting rate and 20.1
g per 1000-grain weight of 28 °C treatment (Table 2),
which in the 24 °C treatment, reduced by 22% and 3 g
compared with the control at the 24 °C treatment.
While there were no remarkable differences in control
plants under these two temperature treatments. The
results obtained were significant different from those
in the fields where the seed-setting rate was 15% and
1000-grain weight was 12 g for pse(f) mutant. The
difference could have resulted from the fact that
natural temperature over 35 °C in a day continued for
several hours. These indicated that the seed-setting
rate and 1000-grain weight of the mutant reduced
with rising temperature.

Effect of temperature on the photosynthesis in
leaves

P, decline is a significant character of leaf se-
nescence in plants. Fig.2 shows that P, reduced from
the flag leaf to the bottom leaf position in both the
mutant and control. P, in mutants decreased more
rapidly than that in the control. As a result, P, in the
mutant’s 1% and 2nd leaves was higher than that of

the control even though the P, in the 3rd and 4th leaves
was much lower than the control’s. For example, the
mutant’s 1st and 2nd P, was 17.0% and 10.8% higher
than that of the control under 24 °C treatment, but was
only 69.5% and 63.6% in the 3rd and 4th leaves of the
corresponding controls, respectively (Fig.2). More-
over, P, of the mutant in the 28 °C treatment de-
creased more sharply than that in the 24 °C treatment.
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Fig.2 The relationship between P, and leaf position in the
pse(r) mutant and the control. The leaf position was
counted from top to the bottom of the plant. The measured
leaves were fully expanded at the flowering stage

LT: Phytotron under controlled condition at 24 °C (low tem-
perature phytotron); HT: Phytotron under controlled condition
at 28 °C (high temperature phytotron)
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Fig.1 Phenotypes of the premature senescence mutant and control plant in the phytotrons
control (a) and pse(?) (b) at the flowering stage under the 28 °C treatment; Morphology of the 4th leaf in control (c) and mutant (d)
when the symptom of premature senescence appeared in the mutant; The 4th leaf in control (e) and pse(?) (f) grew at the milking

stage under the 28 °C treatment

Table 2 The seed-setting rate and 1000-grain weight of pse(?) in the 24 °C and 28 °C treatments

24 °C treatment

28 °C treatment

Mutant Control Mutant Control
Seed-setting rate (%) 72353 b 93.2+3.1¢ 56.2+5.0 a 95.1+2.1¢
1000-grain weight (g) 23.1+0.3 b 23.6+0.4 be 20.1+0.4 a 24.4+04 ¢
DTS (d) 16 35 14 31

Values are the mean+SE of four replicates. In each row, means marked with the same letter are not significantly (P<0.05) different by the Duncan
Test. DTS: Days from 28 °C treatment to the beginning of the 4th leaf senescence
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There are two main factors causing P, decrease.
The first is the stomatal factor that depends on the
number of stomatal pores, stomatal location and di-
mensions (Quick er al., 1992). The other is the
non-stomatal factor that primarily depends on the
activity of intrinsic enzymes, the photosynthetic ap-
paratus and their regulation mechanism (Lal et al.,
1996). To further explore the reasons for the P, re-
duction in the mutant, the characteristics of g
(stomatal conductance) and C; (the intercellular CO,
concentration) were analyzed. Higher g, and E
(transpiration rates) values were observed in the 1st
and 2nd leaves of the mutant compared with those of
the corresponding control (Table 3), but g and E
values in the mutant’s 3rd and 4th leaves were not
significantly different compared with those of the
corresponding control. The leaf Cjon the same posi-
tion in both phytotrons did not show any difference
between the mutant and the control plant. These re-
sults indicated that the higher P, in the mutant’s 1st
and 2nd leaves was not caused by stomatal factors.

Effect of temperature on chlorophyll and protein
content of leaves

Synchronous alteration trends of contents of to-
tal Chl (chlorophyll) and soluble protein together with
the P, decline were observed along the leaf position
from top to bottom of the mutant, which indicated that
with leaf age and descent position, the mutant’s rate
of leaf senescence in pse(f) was faster than that of the
control (Fig.2 and Fig.3a). The content of total Chl and
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Fig.3 Total Chl (a) and protein (Pro) content (b) of the
leaves at the top four positions in the pse(f) mutant and
control at the flowering stage in the 24 °C and 28 °C
treatments. The leaf position was counted from top to
bottom of the plants (a) Total Chl content; (b) Protein
content. Values are the mean+SE of four replicates

Table 3 Photosynthesis related parameters of the top four leaves positions in the pse(f) mutant and the control at the

flowering stage at the 24 °C and 28 °C treatments

Photosynthesis Temperature Line Leaf position
paremeter treatment (°C) 2 3 4
E (mmol/(m*s)) 24 Mutant 4.12+0.24 a 3.16£0.17 b 1.23+0.21d 1.19+£0.14 d
Control 3.50+0.16 b 2.93+£0.18 b 1.98+0.13 ¢ 1.48+0.27d
28 Mutant 6.70+0.23 a 5.60+£0.14 b 2.41+0.18 ¢ 1.38+0.16 d
Control 5.54+0.18 b 5.35£0.08 b 2.67+0.18 ¢ 1.41+0.17 d
g, (mmol/(m*-s)) 24 Mutant 0.74+0.03 a 0.57+0.06 b 0.44+0.03 ¢ 0.43+0.01 ¢
Control 0.57£0.04 b 0.53+£0.03 b 0.45+£0.03 ¢ 0.504+0.04 ¢
28 Mutant 0.96+0.02 a 0.61£0.06 ¢ 0.45+£0.04 d 0.47+0.03 d
Control 0.74+0.05 b 0.58+0.07 ¢ 0.47+£0.04 d 0.46+0.05 d
C; (umol CO,/mol) 24 Mutant 270+8 a 276+6 a 293+5b 32745 ¢
Control 27244 a 27947 a 293+7b 32744 ¢
28 Mutant 266+4 a 3055 b 33944 ¢ 3576 d
Control 266+6 a 3055 b 339+4 ¢ 3576 d

Values are the mean+SE of four replicates. In each temperature treatment, means marked with the same letter are not significantly different
(P<0.05) by Duncan Test. The leaf position was counted from top to bottom of plant. The measured leaves were fully expanded
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soluble protein was about 25% and 20%, respectively,
higher in the 1st leaf of the mutant compared with the
control in the same phytotron, while there was no
difference in the 2nd leaf. The soluble protein content
decreased slowly as the leaf positions lowered in the
control (Fig.3b). This trend in the 28 °C treatment was
sharper than that in the 24 °C treatment. With leaf age
and descent of leaf position, the mutant’s rate of leaf
senescence was faster than that of the control. This
indicated that the mutant’s senescence accelerated,
especially under high temperature conditions.

Effect of temperature on SOD and POD activities
An important change associated with senescence
was the enhancement of activities of antioxidative
enzymes, such as SOD, POD and CAT (catalase)
(Foyer et al., 2002). In order to study senes-
cence-associated variations in AOS metabolism in the
mutant and control plant, SOD and POD activities in
the upper four leaves in all the plants were analyzed.
The results indicated that SOD and POD activi-
ties increased with the descent of the leaf positions in
all treated plants and these activities of the mutant
were stably higher than those of the control (Fig.4a
and Fig.4b). The SOD activity increased by 23.2%
and 25.2% in the mutant’s flag leaf in pse(f) compared
with the corresponding controls in the 24 °C and 28
°C treatments, respectively. SOD activity reached its
highest value (9.449 U/mg protein) in the 4th leaf of
the mutant at 24 °C treatment and was 19.1% higher
than the control. There was no significant difference
in mutant’s SOD activities between the same leaf
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position in the 24 °C and 28 °C treatments, respec-
tively. The mutant’s POD variation trend activity is as
the same as the SOD activity. In general, the result
showed that the rising trend of SOD and POD activi-
ties in mutant maintained a higher level than the
controls in the same temperature treatments. The
activities of SOD and POD were no significantly
different in the same leaf position of the mutant in the
24 °C and 28 °C treatments.

Effect of temperature on lipid peroxidation
Plant cells, either directly or indirectly, form

AOS during leaf senescence. Protonation of Oj pro-

duces the hydroperoxyl radical (OH , H,0O;), which
can convert fatty acids to toxic lipid peroxides,
destroying biological membranes. The lipid peroxi-
dation level in leaves of mutant and control plants
measured by the content of MDA is listed in Table 4.
Between the mutant and control in the same phyto-
trons, MDA content did not show significant differ-
ence in the 1st and 2nd leaves, but in the mutant’s 3rd
and 4th leaves was significantly higher than those of
the control in the same treatments. MDA content
increased by 22.8% in the 3rd leaf and 48.4% in the
4th leaf compared with the corresponding control at
24 °C treatment. The same trend was observed to the
mutant in the 28 °C treatment, it was 29.1% higher in
the 3rd leaf and 91.0% higher in the 4th leaf, more-
over, the upgrade trend in the mutant in the 28 °C
treatment was higher than that in the 24 °C treatment,
which indicated that the mutant’s lipid peroxidation
level in the 28 °C treatment was higher than that in the

701 —a—Mutant in LT
.fg 60 " o~ - Control .in LT
8 —4—Mutant in HT
g 50F 4 Control in HT
g
é 40
% 30
Q

20

10

1 2 3 4
Leaf position
(b)

Fig.4 Changes in SOD (a) and POD (b) activities of leaves at different leaf positions in mutant and control at the flowering
stage in the 24 °C and 28 °C treatments. Data are means+SE of three replicates. The leaf position was counted from top to

bottom of plants
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Table 4 MDA content (mmol/g Fw) of leaves at the top four positions during the flowering stage under the 24 °C

and 28 °C treatments

Temperature . Leaf position
Line
treatment (°C) 1 2 3 4
24 Mutant 47.2844.34 a 57.32+6.36 b 86.13+6.30 ¢ 136.34+7.74 d
Control 50.73+4.31 a 62.31+4.05b 70.64+5.51 b 91.394+6.31 ¢
28 Mutant 33.50+3.68 a 47.35+44.09 b 71.0945.04 ¢ 128.64+5.65 d
Control 35.4444.13 a 49.7543.12 b 55.34+4.55b 67.07+4.64 ¢

Values are the mean+SE of four replicates. In each temperature treatment, means marked with the same letter are not significantly different
(P<0.05) by the Duncan Test. The leaf position was counted from top to bottom of plants

24 °C treatment. The result also suggested that lipid
membrane was more severely destroyed in the mutant
under high temperature treatment.

Effect of temperature on peptidase activity

Nitrogen remobilization is a significant meta-
bolic change involved in the leaf senescence during
the mature stage in crops. Peptidase activity was
analyzed with crude extract at the flowering stage in
the 24 °C and 28 °C treatments (Fig.5). The result
showed that peptidase activities increased with the
leaf age both in mutant and control plants. Although
there was no remarkable difference of peptidase ac-
tivity between the 1st and 2nd leaves in all plants, the
peptidase activity in the 3rd and 4th leaf increased
more sharply in the mutant than in the corresponding
control. The mutant’s peptidase activities in the 4th
leaf reached their highest level of 29.90 U/mg protein
in the 28 °C treatment and 20.59 U/mg protein in the
24 °C treatment, respectively. The mutant’s peptidase
activity increased by 24% in the 3rd leaf in the 28 °C
treatment compared with that of in the 24 °C treat-
ment, and by 36% in the 4th leaf. These data sug-
gested that the aged leaf early promoted nitrogen
remobilization in the mutant.

DISCUSSION

One of the mutant’s obvious characters is that
the P, of the 1st leaf was higher than that of the con-
trol but much lower in the 3rd and 4th leaves. Our
result was reliable because actually detected contents
of Chl and soluble protein were consistent with the
reported characters of these parameters which were
detected in several independent experiment (data not

32t —m— Mutant in LT
--0--Control in LT
28 —a— Mutant in HT l
---4---Control in HT

Peptidase (U/mg protein)

Leaf position

Fig.5 The peptidase activity of different leaves at the upper
four positions during the flowering stage. Data are
means+SE of three replicates. The leaf position was
counted from top to bottom of plants

shown). The downtrend of these parameters might be
responsible for fast rising of MDA contents. However,
we did not rule out the mobilization of nitrogen and
other nutrition from the old leaves to the flag leaf for
survival that result from the ‘sink” and ‘source’ out of
the balance in pse(f) mutant at the late stage. The
underlying molecular mechanisms need to be further
studied.

The rapid decline of P, was consistent with the
AOS accumulation (Del Rio et al., 1998). The mu-
tant’s upgrade trend was remarkable in the rising
temperature. This implies that the AOS damaged the
mutant greatly under the relatively higher temperature
treatment. The SOD and POD activities were found to
be higher in the mutant’s leaves serving as protection
against AOS damage. However, the trend of SOD
activities of leaves was not remarkably different in the
mutant subjected to different temperature treatment,
the same result was found in the case of POD. This
result was consistent with the mutant’s rapidly up-
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grading MDA trend during high temperature treat-
ment. This indicated that SOD and POD could more
efficiently clear away the AOS in the mutant under 24
°C treatment than in the mutant under 28 °C treatment.
As a result, the oxidative damage was less in the
mutant in the 24 °C treatment.

The pse(f) mutant was a good material for
studying the molecular and genetic mechanism of
senescence interaction with temperature. Physio-
logical analysis indicated that some defense mecha-
nism might be destroyed in the mutant, which caused
the mutant to be unable to protect itself from AOS
attack. When AOS accumulate above a certain
threshold, the symptom of premature senescence will
appear in the mutant, which indicated that the path-
way of AOS generation and clearance was very im-
portant for plant growth and reproduction. Previous
studies indicate that the premature senescence phe-
notype was controlled by a single recessive gene and
that the mutant was not produced by the T-DNA in-
sert. The Pse(t) was mapped to the 220-kb region on
chromosome 7 (Li et al., 2005). Protein BLAST in-
dicated that there are two genes associated with AOS
removal pathways within the mapped region of pse(?).
Mutations covering the two presumable genes’ se-
quenced will be further identified. Final cloning of the
Pse(f) will be determined by complementary test.
Identification of Pse(f) will give us reasonable
knowledge on the molecular and genetics mechanism
of the premature senescence in crops.

CONCLUSION

Preliminary conclusion on the physiological
characteristics of the pse(f) mutant is summarized
below. During flowering stage in the phytotrons, the
contents of total Chl and soluble protein in the 1st leaf
of pse(f) are higher compared with the control. They
decreased with the descent of leaf positions and in the
mutant’s 3rd and 4th leaves are lower than those of
the control. The activities of SOD and POD in the
pse(f) were higher than those in the control. The MDA
content and the peptidase activity in the mutant’s 3rd
and 4th leaves are higher than those in the control.
The mutant’s activities of SOD were not significantly
different in the mutant subjected to 24 °C and 28 °C
treatments, and the same trend was obtained with the

activities of POD. Finally, the seed-setting rate and
1000-grain weight in the 24 °C treatment mutant were
higher than those in the 28 °C treatment mutant. All
these results indicated that the pse(f) mutant was
sensitive to high temperature. The PSE(T) may take
part in the clearance of AOS pathway produced dur-
ing the late developmental stage in rice.
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